The global population is on the path of an increasing trajectory with a simultaneous decline in arable land resources through salinization and desertification that have resulted mainly from climate change and other anthropogenic activities. Rising temperatures will cause changes in the entire ecosystem, resulting in significant alterations in global climate paradigms and a threat to food security. This review focuses on how the highly resilient Chenopodium quinoa Willd. can sustainably mitigate some of the detrimental impacts, such as starvation, and support or provide ecosystem services. In comparison, compared with the traditional staple food crops, quinoa has remarkable tolerance to abiotic stresses and is highly nutritious, with a unique balance and higher amounts of nutrients, and can therefore be an important crop for food security and nutritional adequacy. This crop has the potential to ameliorate global challenges with respect to increase in global population, effects of climate change, desalinization, phytoremediation, satisfying nutrient deficiency, and alleviating poverty.
Introduction
The effects of global climate change and its influence on the growth and productivity of crop plants are poised to promulgate significant socioeconomic impacts on the global population and the environment. A warming climate will be unsuitable for plant growth and productivity, because it reduces the soil's potential to capture and retain water and maintain its fertility [1, 2] . These effects will not only be detrimental to the environment, but will advance tremendous strain on the entire ecosystem due to the multifaceted origins and variable impacts. One of the major problems emanating from these scenarios is food security, which is poised to amplify progressively [3] . The global population is projected to be within the vicinity of 9.8 and 11.2 billion by 2050 and 2100, respectively, and it is necessary to provide adequate food with an increase in the current production within the agriculture sector. Notably, geographic areas with high percentage increases in population are already under severe strain in agriculture, impoverished, and highly susceptible to the effects of climate change ( Figure 1 ) [4] [5] [6] [7] . Chenopodium quinoa Willd. is a pseudocereal and versatile crop with promising potential to meet the global food demand and reduce poverty in light of the population growth and the effects of global warming. It is regarded as a climate-change-resilient crop and originated from the Andean region, where it was cultivated and consumed by the Incas and Tiwankans for centuries until it was replaced by wheat as a primary food source. Quinoa is a gluten-free and highly nutritious seed crop with remarkable agronomic adaptations to different adverse climatic conditions, making it suitable for cultivating in countries that are susceptible to the effects of climate change. Quinoa adapts to and develops in the most extreme and unforgiving weather conditions, such as drought, high salinity, and frost [8, 9] . With a great level of adaptability, quinoa can survive in lowlands, deserts, and areas over 4000 meters above sea level [10] [11] [12] [13] [14] . Since the declaration by United Nations that 2013 was the 'Year of the Quinoa' in recognition of its importance and nutritive quality, there has been a global thrust to increase production and, thus, many countries have initiated production or are in the phase of field evaluations for production [8, 11, 13] . It is a crop with the potential to become a sustainable food supply globally under rapidly changing climatic paradigm shifts while simultaneously ameliorating pressure on arable land [8] . Juxtaposing its resilience and nutritional benefits, quinoa, together with amaranth, has been described as "one of the grains of the 21st century" [15] that will play a key role in the provision of sustainable food in adverse environmental conditions resulting from climate change scenarios. For its credentials in nutritional composition and relevance, it was selected by NASA as a preferred food for its astronauts on board space missions [16] . This review endeavors to summarize the importance of quinoa as a sustainable food source and its versatility in response to global climatic changes and population growth.
Historical and Cultural Perspective
Quinoa originated from and remained an important food crop in the Andean regions, which encompass Bolivia, Peru, Ecuador, Colombia, Argentina, and Chile, an area aptly posited by Vavilov as one of the great centers for the origin of cultivated species [13, 17] . It is a member of the Amaranthaceae family, along with spinach (Spinacia oleracea L.) and sugar beet (Beta vulgaris L.) as economically pertinent crops. It has been associated with the Incas and Tiwankans as a primary food for thousands of years before the first Spanish invasion. The Incas and Tiwankans had to defy the invaders' prohibition on quinoa production and consumption during the conquest when it was scorned as 'food for Indians' or for poor people and was not worthy to be consumed by elites. Quinoa did not fit within the realm of the European religious acceptance and preferential cuisine, and thus they proceeded to destroy the farms and severely penalized those who engaged in consumption and production of quinoa [18] . However, these incorrigible indigenous inhabitants preserved this crop by communal cultivation for centuries, which created an opportunity for in situ conservation of the germplasm [19, 20] .
It is assumed that the closest ancestors of quinoa could originate from a single species, C. berlandieri var. nuttalliae Staff., with wide distribution in North America, or a multi-species origin that includes C. pallidicaule Aellen (Kañahua), C. petiolare Kunth, C. carnasolum Moq., and the tetraploid species, C. hircinum Schard. or C. quinoa var. Melanospermum growing in the southern hemisphere. All of these species have their origin in the Andean block, adding credence to the notion that they are close relatives of quinoa [21, 22] .
Jacobsen & Mujic [11] noted that, within the southern Andean periphery, four species of Chenopodiums (C. carnosolum Moq., C. hircinum Schrad., C. incisum Poir. and C. petiolare Kunth) with close affinity to quinoa are deemed as its progenitors, which then morphed into modern day quinoa. Molecular, phylogenetic, and cytogenetic evidence indicated the allopolyploid origin of C. quinoa from the hybridization of diploid progenitors [23] .
Climate Resilience
Quinoa has survived the rough terrain of the Andes for many thousands of years, with the capacity to grow in the highlands, valleys, and lowlands areas where the weather can be unforgiving and pose a threat to the existence of life. It has exceptional capacity to grow in water-deficient soil due to its inherent low water requirement and the ability to resume its photosynthetic rate and maintain its leaf area after a period of drought [12, 24, 25] . There is no doubt that the climate has been changing over the years, but with greater intensity and consequences in recent years. Global warming is making detrimental impacts on the agriculture system, the backbone of food security and the survival of a growing population. The direct effects of global warming include soil salinization, flooding, and drought, which will all lead to the massive degradation of vegetation and the soil structure [26] . Moreover, crops and vegetables will be severely impacted by heat stress, changes in the soil moisture, and evapotranspiration and by extreme weather patterns, including cyclones, floods and droughts, and salt water intrusion [26, 27] . Saline water intrusion resulting from increasing sea levels in vulnerable coastal areas, extensive irrigation in arid regions, and persistent erosion are major contributors to increasing soil salinity, thereby limiting crop productivity and reducing arable land space. This will result in significant impacts on crop production and, therefore, pose serious threats to global food security and, more specifically, to countries that are directly affected by the effects of global warming. Quinoa stands at the pinnacle, with potential to confront these climatic changes and survive with substantial yields in these adverse conditions with its remarkable level of adaptations to these variations [26, 28, 29] . Quinoa can be categorized into the following five ecotype classifications: Highlands in Peru and Bolivia; Inter-Andean valleys in Colombia, Ecuador, and Peru; Salares in Bolivia, Chile, and Argentina; Yungas in Bolivia; and sea level in Chile. These wide ecological habitats may have been a contributing factor for such unique and remarkable adaptations [4, 30, 31] . Furthermore, Miranda et al. [32] assessed six varieties in three geographic areas with distinctive climatic and edaphic factors, and found that their seeds constitute adequate nutritional composition for human requirements (Table 1 and Figure 2 ) [32] . This further justifies the resiliency of quinoa to different climatic conditions which will eventually influence edaphic conditions, all of which are poised to change due to global warming. Figure 2. Nutrient content of six quinoa grown in three areas with distinct climatic and edaphic conditions. Data expressed as mean ± standard deviation (Source: Miranda et al. [32] ). DM, dry mass.
Salinity Tolerance
One of the effects of global warming is soil salinization and a reduction of fresh water resources. Quinoa is a facultative halophyte that belongs to the Amaranthaceae family, with approximately 40% of its genera possessing such potential, with approximately 1-2% of other known plant species. Halophytes are plants that grow and produce viable seeds at ≥200 mM NaCl concentrations, a variable that is lethal to 99% of other plants [33] [34] [35] [36] . This strategically places quinoa in an advantageous position to glycophytes in that it can thrive in saline conditions because of its ability to avoid the severe impacts of high salt accumulation. Moreover, its ability to survive at salinity levels even higher than that of seawater makes it incomparable and more suitable than some other halophytes under such abiotic stress [37] . High salt concentrations in the soil or other growth media will cause hyperosmotic stress in roots and other structures. It decreases the plant's ability to efficiently absorb water because of osmotic stress and, once absorbed, the ionic constituents Na + and Cl − in the water adversely affect the metabolic activities and reduce the photosynthetic efficiency [34, 38] . However, some plants have initiated the mechanisms to systematically deal with such an increase in salinity by mitigating osmotic stress through a reduction in water loss and optimizing water absorption [5] . Moreover, plants also minimize the toxicity of salt by exclusion from leaf tissues and the compartmentalization of Na + into vacuoles, both internally and externally, in the case of salt bladders. These salt bladders have approximately between 200-to-1000-fold more volume space than that of epidermal cells and, hence, can potentially load and sequester more Na + than other cells and, consequently, plants without salt glands. Quinoa has the ability to exclude salts and to physiologically adjust them to minimize the effects of salts in high concentration [5, 9, 35, [39] [40] [41] . The plant's response to these changes will determine their survival, growth, and development, together with the yield. Many of the ~6000 global quinoa germplasm accessions that have been subjected to salt treatments, both in in situ and field experiments, and exhibited varying levels of tolerance during germination and progressive developmental phases [9, 31, [42] [43] [44] . Jacobsen et al. [13] observed that the quinoa yield was highest at 100 to 200 mM NaCl, and thereafter decrease. Further support to this was provided by Hariadi et al. [10] , who recorded significant inhibitory effects on seed germination at concentrations higher than 400 mM NaCl, while optimal plant growth was obtained between 100 and 200 mM NaCl with 'Titicaca' over a 70-day growth period. Moreover, plants are referred to as halophytes based on their ability to grow and fully complete their life cycle, with seed production at ≥200 mM NaCl [35] . Gómez-Pando et al. [45] screened 182 quinoa accessions for salt tolerance and found that 25% of them exhibited greater than a 60% germination rate at 250 mM NaCl during a seven-day period. These 15 accessions were further tested in a pot experiment at 300 and 340 mM NaCl. The results indicated that 13 accessions showed reduction in growth, while two grew 1.79 to 11% higher than the control. Some accessions can grow in salinity levels equivalent to sea water (~400 to 500 mM NaCl) [37, 46] . Morales et al. [47] also observed that at 300 mM NaCl, quinoa cultivars Chipaya and Ollague showed a decrease in fresh weight while at 450 mM NaCl they sustained a 50% and 40% higher transpiration rate than that of the control, respectively. Furthermore, Orsini et al. [48] outlined that an ~50% reduction in stomatal density was observed at 600 and 700 mM NaCl, with a decrease being identifiable in the stomatal number and density with increasing salinization on the adaxial and abaxial surfaces of the leaves. Increasing salt water intrusion compounded with events relating to climate change, such as increasing flooding due to more frequent and stronger storms, will increase soil salinization. Approximately 58% of the 1032 Mha of salt-affected soils is in irrigated areas [49] . It is estimated that 20% of irrigated cropland is affected by salinity, leading to a reduction in the yield and resulting in an estimated loss of USD 27.3 billion, globally [50] . Therefore, with quinoa having such tolerance to high levels of salinity, and in some cases, with concentrations even higher than that of sea water [48] , it is necessary for quinoa production to be part of a global drive to meet the increasing demand for food while utilizing increasingly uninhabitable lands.
Drought Tolerance
Other harsh environmental conditions that are increasing as a result of climate change are drought and desertification, which are factors that negatively influence crop productivity worldwide [1, [51] [52] [53] [54] . Annually, human activity and climate change result in drying up of about ~12 million hectares of productive land, thus transforming it into a barren state due to desertification and drought and causing more than one-third of the world's population to inhabit water-stressed areas [1, 54] . Moreover, the population in drylands is expected to surge to about four billion by 2050, with South Asia adding more than 500 million people, and Central and South America and Sub-Saharan Africa doubling their population in these vulnerable areas (Figure 1) [1,3,52,55] . Furthermore, drought and climate change will impact soil quality and water sources. As with salinity, plants have evolved various morphological to physiological mechanisms to grow and develop in water-deficient environments. As is common with desert plants, crop and food plants are less known for such peculiar adaptations to water deficiency and arid environments. Plants respond to drought by adjusting physiological processes-such as photosynthesis, respiration, water relations, and hormone metabolism-while they can also morphologically adjust through differential and strategic structural adjustment of its components [37, 41, 56, 57] .
Quinoa has an exceptional capacity to grow in water-deficient soil due to its inherent low water requirement and the ability to resume its photosynthetic rate and maintain its leaf area after a period of drought [12, 24, 25] . In the Andean region, drought can occur unpredictably with intermittent and terminal episodes, which can eventually lead to damage to seeds after sowing or the seedling stage, crop loss, and delayed harvest [12, 58] . Quinoa responds to such stress through drought escape, tolerance, and avoidance [11, 58, 59] . Some other preventative mechanisms employed by quinoa include tissue elasticity, low osmotic potential, decreased leaf area through dehiscence, and the presence of vesicular calcium oxalate and structurally with small and think-walled cells [12, 19, 25, 60, 61] .
Garcia et al. [58] studied the stomatal response to water under irrigation and stressed conditions and observed that there was an ~50% reduction in water potential in the stressed plants. Jensen et al. [25] examined the effects of desiccating soil on conductance, the photosynthetic rate, and the water relations of the quinoa leaf. They reported high net photosynthesis and specific leaf area in the early vegetative state while the low osmotic potential and turgid/dry weight ratios were observed in the later growth stage. Jacobsen et al. [12] followed up with a study on quinoa in drying soil and regulatory function of ABA (Abscisic acid) and posited that mild soil drying barely increased xylem ABA, while ABA produced in the root influenced stomatal function. Furthermore, they also concluded that soil drying resulted in stomatal closure, which affected the rate of photosynthesis.
The effect of drought on dry matter composition apportioning was studied by Gonzales et al. [18] , who concluded that glucose and total soluble sugars were higher in quinoa under drought conditions, while other carbohydrates-such as fructose, sucrose, and starch-were differential, but no significant difference was identified. Proline content was also high in the plant tissues, as it is supposedly a biomarker of other stresses, such as cold salt, drought, temperature, and nutrient deprivation in plants [62] [63] [64] . These are premonitions that quinoa also has protective and defensive mechanisms to survive in water-deficient conditions, further adding the impetus to the need for its cultivation in vulnerable areas to bolster reclamation.
Response to Temperature
The Andean regions experience diverse climatic conditions, where a large area can be severely cold for an extended period, which holds the balance in the completion of the life cycle of quinoa, which is one of the few crops with the potential to tolerate some frosty conditions, with a special mechanism to prevent damage by low temperatures. They developed the mechanism to tolerate ice formation in the cell walls without irreversible damage to the cell structures and components [13, [62] [63] [64] . Le Tacon et al. [65] reported that the temperatures on the Bolivian Altiplano (~4000 m) can be around 0 °C, with sporadic freezing during the cropping and can be further decreased to subzero, resulting in frost formation, hence impacting the plant during the vegetative period. Bois et al. [66] mentioned that cold and frost have significant impacts from the onset of germination to other developmental stages, such as leaf appearance, water relations, biochemical changes, biomass, and portioning. Jacobsen et al. [13] concluded that quinoa survival at low temperatures is because of its high soluble sugar content, which may be a good indicator of frost tolerance in other plants as well. Quinoa has a high amount of soluble sugars, such as fructose and sucrose, with evidence of high levels of dehydrins. They also observed that two leaf seedlings exposed to −4 °C for 4 h were slightly affected, and the yield was reduced by a mere 9% as opposed to those that grow at 9 °C while under the same condition at the 12-leaf stage, productivity decreased by over 50.7%. These results suggested that the effects of low temperature are manifested in reduced productivity when quinoa plants are exposed at a later developmental stage, which is a clear indication that the sowing time is critical to achieve higher yields. Bois et al. [66] undertook research in exploring the effects of temperature on the germination and growth of 10 quinoa cultivars from the Andean Altiplano of Bolivia. Interestingly, they revealed that 90% of the cultivars were germinated at a subzero degree Celsius, further adding confidence that these cultivars are well adapted to very low temperatures, and the successive traits displayed significant varietal differences.
Yang et al. [67] experimented with quinoa being exposed to different water treatments and temperatures and observed higher values of stomatal conductance, leaf photosynthetic rate, efficiency of the photosynthetic system (PSII) and water use efficiency in high temperature conditions. All of these physiological responses are positive indications that quinoa has the potential to defy the effects of increasing temperature in some parts of the world. Moreover, some genotypes are known to inhabit areas with harsh dry and hot conditions in the Andean regions [13, 68] . While the optimum temperature for quinoa's growth is within the range of 15 to 20 °C, some varieties still survive extremes of −8 °C and 38 °C, making them more ideal for increasingly changing climatic zones in many countries [4, 30] .
Botanical and Agronomic Features
Quinoa displays extensive genetic diversity resulting from its adaptations to extreme environmental conditions associated with its ecotypes in the Andes [4, 8, 9, 13, 31] . Quinoa plants can reach between 0.3 and 3 m in height, having a wide range of colors (white, yellow, and pink, to darker red, purple, and black) and with thick, erect, woody stalk and taproot system. In early stages of development, its polymorphic leaves normally green and with maturity transcend to yellow, red, or purple. Seed diameter can range from 0.28-2.1 cm, having two flat surfaces and rounded sides with colors ranging from black, red, pink, orange, yellow, or white [69] [70] [71] [72] . Their survival in wide-ranging conditions allows them to be more growth conducive in different agroecological zones and yet exhibit appreciable yield [45, 52] . Surprisingly, Gomez-Pando et al. [45] highlighted increased plant height, leaf dry mass, and yield in response to salinity. Additionally, Maliro et al. [73] found strong positive correlations between yield and plant height, maturity time, and biomass with irrigated system while significant differences in yield, plant biomass, and seed size among the genotypes under a rainfed system. Moreover, under irrigated conditions, seed yield was greater at Bunda (237-3019 kg/ha) than Bembeke (62-692 kg/ha). In support, Präger et al. [74] observed significant differences in seed weight between growing seasons and the varieties. Hence, different environmental conditions can contribute to differential results and hence, more trials and field evaluations must be employed repetitively to ascertain the most appropriate variety for specific conditions.
Nutritional Importance
According to the United Nations sectorial units on food and health, Food and Agricultural Organization and World Health Organization (FAO), quinoa is noted as the only plant food that constitutes and provides all of the essential amino acids required by the human body, with a higher protein content than that of rice, barley, corn, rye, and sorghum, but similar to that of wheat [18, 19, 68, [75] [76] [77] [78] . The invaluable source of nutrition of its seeds has also been identified through many studies that reveal high composition in carbohydrates, lipids, and high-quality proteins, with excellent balance and diversity, and has all of the essential amino acids [19, [79] [80] [81] [82] [83] [84] [85] [86] . FAO/World Health Organization/United Nations University (WHO/UNU) [87] outlined that quinoa protein can supply approximately 180% of histidine, 274% of isoleucine, 338% of lysine, 212% of methionine+cysteine, 320% of phenylalanine+tyrosine, 331% of threonine, 228% of tryptophan, and 323% of valine with respect to amino acids, which is more than recommended for adult nutritional requirements. Moreover, quinoa has 58-64% carbohydrates in dry matter, with adequate amounts of glucose, fructose, saccharose, and maltose together with sufficient essential fatty acids. Additionally, quinoa has adequate amounts of protein, fat, ash, and carbohydrates as compared to rice, wheat, corn, oats, and barley ( Figure 3 ) [77, [87] [88] [89] . Once in bioavailable forms, calcium, magnesium, and potassium can satisfy nutritional adequacy in a balanced diet. However, removal of saponins may result in approximately 40% and 10% loss of calcium and phosphorus, respectively [16] . Quinoa is also rich in appreciable quantities of vitamins C, A, B1, B2, B3, B5, B7, E, folic acid, and carotene than those in rice, barley, and wheat [77, 82, 90] . Therefore, quinoa is an essential food for providing nourishment for the nearly 1 billion people who are undernourished and is equally essential for the same number of those who are obese, as it can be a healthy dietary choice. In addition, in 2013, approximately 15% of the world's children who are less than five years old have been considered to be malnourished, with approximately 50 million who are at risk of morbidity/mortality due to wasting away. Quinoa, with its rich and balanced nutrient composition, can provide adequate dietary consumption to alleviate some of these health conditions [3, 54] . 
Ecosystem Functions
The accumulation of salt in farm lands is becoming a very serious issue for crop production, as it limits the fundamental reason for such practice, productivity, and yield. Salinization plays an integral part in soil qualitative degradation, which lends to the undermining of food security [1, 10, 91, 92] . Global climate change scenarios point in the direction of an increase in salinization and thus will have a significant impact on food security and sustainability in the near future [1, 10, 54, 91, 92] .
Phytodesalinization
Quinoa has the ability to extract more salt from the soil than that of many other halophytic plants through the accumulation of compatible organic solutes, succulence, and salt-secreting glands and bladders. The fact that they can survive under these saline conditions makes them suitable candidates for soil desalinization [93] . Salt bladders alone can sequester more salt due to the significant increase in volume it has as compared to the other epidermal cells [40, 94, 95] . Moreover, Hariadi et al. [10] determined that planting quinoa in soil premixed with NaCl with minimal leakage; over 50% of the salt was removed by the plants from the medium after a few months. This further suggests that quinoa can be an efficient method for desalinating soil in areas that are highly affected and can progressively pave the way for the cultivation of other salt-sensitive crops. While there is inadequate evidence available on quinoa being able to desalinate soils, other studies have already been exposed to such practice and have indeed yielded positive results [96, 97] . Because of the lack of adequate information and publication in this area, more studies are encouraged to validate, ascertain, and assess the desalinating potential of different varieties of quinoa.
Phytoremediation
In addition to salt removal through phytodesalinization, quinoa, being halophytic, has the advantage and potential to remove heavy metals from the saline soil, which is uninhabitable to other less-salt-tolerant plants and glycophytes. The amount of soil contaminated with heavy metals is increasing due to population explosion, urbanization, industrialization, and other anthropogenic activities [52, 98] . Halophytes have shown a higher tolerance to heavy metals and a greater rate of absorption from the soil and, with increasing mobility, promote the transference and translocation of heavy metals from soil to root and among other plant components [99] [100] [101] . Zulfiqar et al. [102] highlighted the effects and absorption level of cadmium (Cd) of C. album L. and C. murale L. While differential responses were observed, both species absorbed and sequestered Cd in their root and shoot and, hence, have been prescribed to be efficient phytoremediators of Cd in marginally contaminated soil with a minimal effect on the nutrient composition. Moreover, Bhargava et al. [98] assessed the accumulation efficiency of 40 accessions of Chenopodium spp. being subjected to iron (Fe), zinc (Zn), copper (Cu), nickel (Ni), chromium (Cr), and cadmium (Cd) and concluded that they all have the ability to accumulate a significant amount of metals in their leaves. Notably, C. quinoa had a higher accumulative potential of Ni, Cr, and Cd, thus making them promising candidates as phytoremediators to detoxify contaminated soils. More interestingly, the majority of the 18 accessions of C. quinoa were deemed to be hyperaccumulators with a bioconcentration factor >1 for the six metals [55] . The results indicated that Cd had the highest bioconcentration factor (31), followed by Fe (30), Cu (19) , Ni (5), Zn (3), and Cr (2) [52, 98] . Haseeb et al. [103] undertook a study on four quinoa lines and observed that they have significant phytoextractive and hyper-accumulative potential. Interestingly, while the presence of Pb in different plant components inhibits some physiological function and yields, they alluded that the amount in the seeds is within the recommended safe limit [104] and, therefore, it does not pose a threat to human health. This incentivizes their role as a phytoremediator as well as being healthy for human consumption, while improving the soil health for successive food crops.
Moreover, the alarming rate of salinization and desertification of fertile land points to the grim reality that plant coverage and biodiversity will inevitably decrease due to habitat loss resulting from global warming, poor adherence to land management practices, and increasing industrialization combined with other anthropogenic activities [1] . Plant coverage decrease will eventually lead to a decrease in the overall conversion of carbon dioxide to oxygen through photosynthesis. Moreover, these factors may have significant impacts on biogeochemical processes, thereby inhibiting the cycling of nutrients and further influencing the build-up of greenhouse gases, thus contributing to global warming.
Global Expansion
Quinoa has been given global recognition as being a 'poor man's food' to an important crop for the future. Since quinoa was recognized by the United Nations for its great potential for health and its resilience to abiotic stresses, experimentation, and crop expansion continue across the globe [4] . In addition to planting, countries taking the initiative to employ breeding programs to develop varieties relative to their specific needs based on climatic conditions and preference. Concomitant with varietal development, some countries have engaged in the novel idea of sharing and exchanging germplasms with other countries to embark on crop experimentation and field evaluations with technical support from the FAO. These collaborative partnerships continue to enhance the expansion of quinoa crop production. Currently, there is a continuous drive in the cultivation of quinoa reaching over 95 countries, including Tibet, Morocco, France, India, China, the United Kingdom, Sweden, Denmark, Netherlands, and Italy [4, 30, 105, 106] , with Guyana recently collaborating with the FAO in field evaluations (Figure 4) . Hence, there is an increase in quinoa harvesting areas and production quantity post International Year of Quinoa (2013). Peru and Bolivia remained the principal global producers with 78,657 and 66,792 tonnes in 2017, representing 66 and 94% increases from 2013, respectively [107] . Some of these countries initiated cultivation many decades ago but are now refocusing on expansion since becoming privy to the positive attributes of quinoa. 
Future Perspective
Although there has been a recent exponential increase in publications on quinoa in various thematic areas, greater emphasis should be placed on how the trait of rich nutrient composition of this crop can be transformed into other crops through genetic engineering to boost their nutrient status. This is more important now, with an aim to alleviate widespread hunger, since there is an eminent threat to food security and increasing levels of poverty.
More selective intraspecific breeding for desirable crop traits is imperative to combat the rising threat from climate change that makes plants more susceptible to rapidly changing and adverse environmental conditions. It should also reduce the varietal differences among them to improve adaptability and yield. A more in-depth analysis of the genetic nature of these unique adaptations of quinoa, along with their relevance to the development of crops with similar resilient potential, is essential to improve crop yield and quality. Quinoa is a crop that is superior to others in many aspects, such as its extraordinary adaptability to adverse weather conditions and its adequate nutritional composition, which make it the preferred choice to advance greater genetic manipulations.
More countries should be encouraged to commence quinoa cultivation, especially those with high vulnerability to climate change and food security. More experiments and field evaluations should be performed in areas that have been deemed uninhabitable due to abiotic stresses and other soil contaminants with of the aim of reclamation through phytodesalinization and phytoremediation.
Based on the successes achieved in crop experimentation and implementation in many countries, other nations should be encouraged to initiate programs to facilitate quinoa growth and expansion with its potential to enhance socioeconomic status, improve health, and contribute to a safer environment. Funding: This research received no external funding.
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